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(57) ABSTRACT

An air inlet for nacelle of an aircraft propulsion unit compris-
ing an inner envelope provided with a plurality of orifices for
passage of fluid passing through the envelope, and a lip con-
nected to the upstream edge of the inner envelope, and having
a portion devoid of orifices for passage of fluid with an axial
span of between 20% and 90% of the span of the inner
envelope, and a circumferential span a of between 60° and
150° about a longitudinal axis of the air inlet. A process for
repairing an air inlet comprising cutting out a recess in an
upstream edge of an inner envelope of the air inlet, then
arranging and fixing an impermeable panel in the recess so as
to create an air inlet of the type described above.

12 Claims, 4 Drawing Sheets
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1
AIR INLET FOR AIRCRAFT PROPULSION
UNIT HAVING A STRUCTURE RESISTANT
TO EXCESS PRESSURE AND A PROCESS
FOR REPAIRING AN AIR INLET OF AN
AIRCRAFT PROPULSION UNIT

TECHNICAL FIELD

The present invention pertains to the field of aircraft pro-
pulsion units, and more particularly concerns the air inlets of
nacelles of aircraft turbojet engines.

STATE OF THE PRIOR ART

An aircraft is propelled by one or more propulsion units
which are each attached to the aircraft via a pylon generally
located underneath a wing or at the fuselage and which each
comprise a turbojet engine housed in a nacelle.

A nacelle generally assumes the form of a structure com-
prising an air inlet upstream of the turbojet engine, a median
section intended to surround a fan of the turbojet engine, and
a downstream section integrating thrust reversing means and
intended to surround a combustion chamber and one or more
turbines of the turbojet engine.

The air inlet comprises firstly an annular lip forming the
leading edge of the nacelle and intended to capture the air
needed for feeding the fan, and one or more internal compres-
sors of the turbojet engine, and secondly a downstream struc-
ture onto which the lip is added and which is intended to
channel the air adequately towards the fan blades.

The downstream structure of the air inlet usually comprises
two coaxial annular envelopes joined to each other upstream
via the lip of the air inlet. The outer envelope of this down-
stream structure takes part in the cowling of the turbojet
engine whilst its inner envelope outerly delimits a duct sup-
plying air to this turbojet engine.

The air inlets of nacelles generally comprise sound insu-
lating means intended to attenuate the noise caused by the
flow of air captured by these air inlets and by the interaction
between the fans of the turbojet engines and this air flow.

These sound insulating means are usually in the form of air
passage orifices provided in the inner envelope of the air inlets
and leading into the alveoli of a honeycomb sound-insulating
structure housed in a space between the inner and outer enve-
lopes of the air inlets, and configured to allow dissipation of
acoustic energy in a manner that is well known.

In addition, the inner envelope of an air inlet usually com-
prises drainage orifices which may optionally merge with the
above-mentioned air passage orifices, and intended to drain
away any water which may run along the inner envelope.
These drainage orifices are generally located around the
<<six o’clock>> position of the inner envelope i.e. down-
wards when an aircraft equipped with this air inlet is on the
ground. These drainage orifices communicate with drainage
ducts which can be formed by slots provided in the walls of
the alveoli of the above-mentioned sound-insulating honey-
comb structure if the air inlet is fitted with such a structure.

As indicated in patent application GB 2296306 A, some
flight situations such as take-off and climbing may in particu-
lar give rise to the formation of a region of overpressure in the
vicinity of the lower part of the inner envelope equipping the
air inlet of the nacelle of propulsion units.

Yet, the permeability of the inner envelope being inher-
ently limited, this overpressure generally translates as a load
applied to the region under consideration of the inner enve-
lope during a short period in which equilibrium is set up
between the pressures either side of this inner envelope, in
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particular at the time of a change in engine speed of the
turbojet engine. This load may be of sufficiently high inten-
sity to damage the region under consideration of the inner
envelope. Initiated detaching has been observed for example
in the region concerned by this phenomenon of overpressure.

The above-mentioned patent application proposes reduc-
ing overpressure by allowing circulation of air between the
upstream and downstream of the inner envelope within the
honeycomb sound-insulating structure.

However, this solution is not entirely satisfactory owing to
the limited permeability of the inner envelope which remains
subject to forces liable to damage this inner envelope.

DISCLOSURE OF THE INVENTION

It is a particular objective of the invention to provide a
simple, economic and efficient solution to this problem,
allowing the above-mentioned disadvantages to be avoided.

One particular subject of the invention is an air inlet for the
nacelle of an aircraft propulsion unit, which has good sound-
insulating and/or draining capability and is not subject to
risks of damage due to phenomena of overpressure of the type
described above.

For this purpose, the invention proposes an air inlet for the
nacelle of an aircraft propulsion unit, which comprises a
substantially annular outer cowling, a substantially annular
inner envelope intended to delimit a duct feeding air to a
turbojet engine and comprising a plurality of fluid passage
orifices passing through the envelope, and a substantially
annular lip joined to the respective upstream edges of the
cowling and of said inner envelope so as to form a leading
edge of the air inlet.

According to the invention, the inner envelope has a por-
tion devoid of fluid passage orifices extending axially from an
upstream edge of said inner envelope over a distance of
between 20% and 90% of the mean axial span of said inner
envelope, and having a circumferential span of between 60°
and 150° around a longitudinal axis of the air inlet.

By mean axial span of the inner envelope is meant the axial
span of the inner envelope measured as a mean around the
entire longitudinal axis of the air inlet.

Evidently, the definition of the portion devoid of fluid
passage orifices implies the presence of such orifices distrib-
uted around the remainder of the inner envelope.

The above-mentioned fluid passage orifices may be
intended for the sound insulation of the propulsion unit
equipped with this air inlet, in which case these orifices are
configured to allow at least air circulation, as will become
more apparent from the following.

Part or all of these orifices may also be intended for drain-
ing water which may run along the inner envelope of the air
inlet, in which case these orifices also allow circulation of
water.

In addition it is possible, without departing from the scope
of'the present invention, that some fluid passage orifices of the
inner envelope take part in the draining of water but do not
take part in sound insulation, when this is of advantage.

In general, the portion devoid of fluid passage orifices of
the inner envelope does not allow the passing of air and is
therefore not subject to a mechanical load, in the event of
overpressure applied to the inner envelope, as may be case for
the inner envelope of air inlets of known type in which said
overpressure induces a pressure imbalance either side of the
inner envelope.

The invention finds its main advantage when the portion of
the inner envelope that is devoid of fluid passage orifices is



US 9,061,769 B2

3

located in a region of this envelope which is exposed to
phenomena of overpressure of the type described above.

For this purpose, the portion of the inner envelope that is
devoid of fluid passage orifices is advantageously located in a
lower region of this inner envelope through which a meridian
plane passes which follows the longitudinal axis of the air
inlet and is parallel to the vertical direction when the air inlet
equips a propulsion unit of an aircraft stationed on the ground.

The portion of the inner envelope devoid of fluid passage
orifices is therefore substantially able to coincide with the
region of the inner envelope that is the most exposed to
phenomena of overpressure of the above-described type
which occur during some flight phases, in particular when the
aircraft is climbing.

The portion of the inner envelope that is devoid of fluid
passage orifices is preferably symmetrical relative to the
afore-mentioned meridian plane.

In addition, the axial span of the above-mentioned portion
devoid of fluid passage orifices is preferably between 40%
and 80% of the mean axial span of the inner envelope.

Preferably, this portion devoid of fluid passage orifices has
a circumferential span of between 90° and 120° around the
longitudinal axis of the air inlet.

The axial span and the circumferential span of the portion
of the inner envelope that is devoid of fluid passage orifices
are therefore chosen so that they best correspond to the region
of the inner envelope exposed to overpressure phenomena.

The plurality of fluid passage orifices advantageously com-
prises air passage orifices communicating with a honeycomb
sound-insulating structure housed between the inner enve-
lope and the outer cowling of the air inlet.

These air passage orifices allow dissipation of acoustic
energy within the alveoli of the honeycomb structure, in a
manner known per se.

The air passage orifices are preferably distributed homo-
geneously all around the longitudinal axis of the air inlet.

In this case, the above-mentioned honeycomb structure
advantageously also extends all around this axis.

One part of the sound-insulating honeycomb structure
advantageously extends facing the portion of the inner enve-
lope that is devoid of fluid passage orifices. This part of the
honeycomb structure is then covered by the above-mentioned
portion of the inner envelope.

The sound-insulating honeycomb structure may therefore
have geometry similarto that of sound-insulating honeycomb
structures used in air inlets of known type.

The air inlet preferably comprises drainage means allow-
ing circulation of water from upstream to downstream inside
a space defined between the outer cowling and the inner
envelope of the air inlet, these drainage means comprising
drainage orifices forming part of the plurality of fluid passage
orifices.

As explained above, some or all of the above-mentioned
drainage orifices may also take part in sound insulation,
optionally in cooperation with the above-mentioned honey-
comb structure.

For this purpose, the drainage means preferably comprise
the sound-insulating honeycomb structure.

This structure then comprises slots for example, formed in
aradially inner region of the walls which together delimit the
alveoli of this structure to allow the downstream circulation of
the water collected in the alveoli via the above-mentioned
drainage orifices.

In a first embodiment of the invention, the portion of the
inner envelope that is devoid of fluid passage orifices is in the
form of an impermeable panel i.e. devoid of fluid passage
orifices, which is formed independently of the lip and is set in
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a recess of an upstream edge of at least one panel provided
with fluid passage orifices and forming part of the inner
envelope.

In this case, the lip of the air inlet may be of conventional
type.

The above-mentioned impermeable panel is advanta-
geously formed of the lay-up of several folds of a composite
material, this material being formed of carbon fibres for
example, or similar, embedded in a hardened resin.

In a second embodiment, the portion of the inner envelope
that is devoid of fluid passage orifices is formed in a single
piece with the lip of the air inlet and projects towards down-
stream from a radially inner downstream edge of this lip, so
that it fits into a recess of an upstream edge of at least one
panel provided with fluid passage orifices and forming part of
the inner envelope.

It is to be noted that the inner envelope may be formed of a
single panel or of a plurality of adjacent panels. In the latter
case, some of these panels may optionally be devoid of fluid
passage orifices when this is of advantage.

The invention also concerns a nacelle for an aircraft pro-
pulsion unit comprising an air inlet of the above-described
type.

The invention further concerns an aircraft comprising at
least one nacelle of the afore-mentioned type.

The invention also concerns a process for repairing a
nacelle air inlet of an aircraft propulsion unit comprising an
outer cowling that is substantially annular, a substantially
annular inner envelope intended to delimit an annular air duct
of a turbojet engine of this propulsion unit and comprising a
plurality of fluid passage orifices passing through said inner
envelope, and a substantially annular lip connected to the
respective upstream edges of the cowling and of said inner
envelope so as to form a leading edge of the air inlet.

According to the invention, the repair process comprises a
step to cut out a recess in an upstream edge of the above-
mentioned inner envelope, and a subsequent step to arrange
an impermeable panel in the recess and to fix this imperme-
able panel onto the edge of the recess so as to form an air inlet
according to the first embodiment described above.

The process of the invention therefore allows the repair of
the inner envelope of an air inlet when this inner envelope has
been damaged, in particular due to overpressure phenomena
of the type described above, whilst protecting the repaired
part of the inner envelope against the consequences of any
future exposure to these overpressure phenomena.

The above-mentioned subsequent step of the repair process
preferably comprises the lay-up, within the recess, of several
folds of a composite material of which at least one first fold is
fully housed in the recess whilst at least one second fold,
superimposed over the first fold, partly overlaps the upstream
edge of the recess so as to ensure the fixing of the imperme-
able panel to the remainder of the inner envelope.

The above-mentioned second fold also allows the ensured
continuity of the radially inner surface of the inner envelope
at the junction between the impermeable panel and the
remainder of the inner envelope.

As a variant, all the folds can also be housed within the
recess without any fold overlapping the upstream edge of the
recess, when this is of advantage.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood and other details,
advantages and characteristics thereof will become apparent
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on reading the following description given as a non-limiting
example and with reference to the appended drawings in
which:

FIG. 1 is a partial, schematic, axial-section view of an
aircraft propulsion unit according to a first embodiment of the
invention;

FIG. 2 is a partial, schematic, perspective view of an air
inlet of the propulsion unit in FIG. 1;

FIG. 3 is a partial, schematic, perspective view along an
axial section of the air inlet in FIG. 2;

FIG. 4 is a partial, schematic view in perspective of an air
inlet of an aircraft propulsion unit according to a second
embodiment of the invention.

In all these figures, identical references may designate
identical or similar parts.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 shows a propulsion unit 10 comprising a turbofan
engine 12 housed in a nacelle 14 and joined to a pylon 16
intended to be fixed underneath the wing of an aircraft, not
visible in the figure.

The nacelle 14, from upstream to downstream in the gen-
eral direction of the flow of gases in the turbojet engine 12,
comprises an air inlet 18, a median section 20 and a down-
stream section 22.

The median section 20 of the nacelle 14 is of conventional
type and is essentially in the form of an annular envelope
arranged around a fan assembly 23 of the turbojet engine 12
as very schematically illustrated in FIGS. 1 and 2. This
median section 20 is a part independent from the air inlet 18,
but it could also be formed in a single piece with this air inlet
18.

The downstream section 22 of the nacelle 14 is also of
conventional type and integrates thrust reversing means for
example, which cannot be seen in FIG. 1.

The air inlet 18, which can also be seen in FIG. 2, com-
prises a substantially annular lip 24 forming the leading edge
of the nacelle 14, substantially annular outer cowling 26
connected to an outer downstream edge 28 of the lip 24, and
a substantially annular inner envelope 30 connected to an
inner downstream edge 32 of the lip 24 and intended to
channel the air feeding the turbojet engine 12.

The air inlet 18 particularly comprises a substantially
annular inner structure 34 which, radially from the inside
towards the outside, comprises the above-mentioned inner
envelope 30, a sound-insulating honeycomb structure 36, and
an impermeable inner skin 38.

In a manner known per se, the inner structure 34 is config-
ured to attenuate the noise induced by the air flow in the air
inlet 18 and by the rotation of the fan ofthe turbojet engine 12.
For this purpose, the inner envelope 30 has a permeable
structure allowing fluid communication between the channel
40 feeding the turbojet engine 12 and the alveoli 41 (FIG. 3)
of the honeycomb structure 36.

More precisely, the inner envelope 30 is made in a com-
posite material for example, having openwork or orifices 42
allowing the passing of air, as shown in FIG. 3.

In a manner also known per se, the inner structure 34 is
formed of a plurality of circumferentially adjacent panels
each one forming a portion of the inner envelope 30, of the
honeycomb structure 36 and of the inner skin 38. As a variant,
the inner envelope 30, the honeycomb structure 36 and the
inner skin 38 may each be formed of a single, substantially
annular panel.
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According to the invention, the inner envelope 30 of the air
inlet 18 has a portion 43 devoid of air passage orifices. By air
passage orifices is meant all types of orifices or openwork
allowing air to pass, which means that the portion 43 is
substantially impermeable to air.

The above-mentioned portion 43 is located in a lower part
of'the inner envelope 30 and extends axially over a distance L.
(FIG. 1), for example equal to about 60% of the mean axial
span of the inner envelope 30, substantially from an upstream
edge 44 of the inner envelope 30. This portion 43 extends
circumferentially at an angle o, of about 90°, measured
around a longitudinal axis 46 of the turbojet engine (FIG. 2),
symmetrically relative to a vertical plane passing through the
axis 46 and corresponding to the sectional plane in FIGS. 1
and 3.

More generally, in the present invention, the axial span L. of
the above-mentioned portion 43 is between 20% and 90% of
the mean axial span of the inner envelope 30, and is preferably
between 40% and % of this mean axial span. In addition, the
circumferential span a of the above-mentioned portion 43 is
between 60° and 150°, and is preferably between 90° and
120°.

The above-mentioned portion 43 may be of substantially
rectangular shape as in FIGS. 1 to 3, or any other suitable
shape.

In general, the portion 43 of the inner envelope 30 that is
devoid of fluid passage orifices does not allow the passing of
air and is therefore not subject to mechanical load resulting
from the search for pressure equilibrium either side of this
inner envelope 30.

It is to be noted that the portion 43 devoid of fluid passage
orifices is defined in a region of the inner envelope 30 which
is usually the region the most exposed to risks of overpressure
phenomena which may occur, in particular during the air-
craft’s climbing phase.

In a first embodiment, illustrated in FIGS. 1 to 3, the
portion 43 devoid of air passage orifices is formed of an
impermeable panel 47, formed for example by the lay-up of
three folds of carbon fibres, this impermeable panel 47 being
set in a recess 48 of mating shape arranged in the upstream
edge of at least one openwork panel 50 of the inner envelope
30.

When the inner envelope 30 is formed of several curved
panels that are circumferentially adjacent, the above-men-
tioned recess 48 may be formed in the upstream edge of a
single panel, or else it may be formed jointly in the upstream
edge of several of these panels.

As can be seen in FIGS. 1 and 3, it is to be noted that the
honeycomb structure 36 extends underneath the portion 43 of
the inner envelope 30 which is devoid of air passage orifices.
This is not essential for the invention but may contribute
towards the rigidity of the inner structure 34 of the air inlet 18
and it may also facilitate the manufacture of this air inlet 18 by
allowing the use of a sound-insulating structure of conven-
tional type.

As a variant, the portion 43 of the inner envelope 30 that is
devoid of air passage orifices can be made in a single piece
with the remainder of this inner envelope 30. It is to be
understood thereby that if the inner envelope 30 is formed of
a single annular panel, the portion 43 is then delimited on the
annular panel, while if the inner envelope 30 is formed of
several adjacent curved panels, the portion 43 can be delim-
ited jointly on one or more of these panels.

The invention according to the first embodiment described
above particularly has the advantage that it can easily be
implemented during maintenance or repair operations of an
airinlet of conventional type, by cutting out the recess 48 in an
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inner envelope 30 of this air inlet then inserting an imperme-
able panel 47 in the recess 48. This latter operation may, for
example, comprise the lay-up of three folds of carbon fibres
inside the recess 48.

In a second embodiment of the invention illustrated F1G. 4,
the portion 43 of the inner envelope 30 that is devoid of air
passage orifices is made in a single piece with the lip 24 of the
air inlet 18 and extends projecting backwardly from the radi-
ally inner downstream edge 32 of the lip 24 so that it fits into
the above-described recess 48.

In the example illustrated FIG. 4, the above-mentioned
portion 43 is bell-shaped whose top part 52 is oriented down-
stream, which means that the shape of the recess 48 in FIG. 4
differs from the shape of the recess 48 in FIGS. 1 to 3.

In this second embodiment, the continuity between the lip
24 and the portion 43 devoid of air passage orifices may
permit a further increase in the resistance of the inner enve-
lope 30 against the above-described overpressure phenom-
ena.

The invention claimed is:

1. An air inlet for the nacelle of an aircraft propulsion unit
comprising a substantially annular outer cowling, a substan-
tially annular inner envelope intended to delimit a channel
feeding air to a turbojet engine and comprising a plurality of
fluid passage orifices passing through said envelope, and a
substantially annular lip connected to respective upstream
edges of said outer cowling and of said inner envelope so as to
form a leading edge of said air inlet, wherein the inner enve-
lope has a portion devoid of fluid passage orifices extending
axially from an upstream edge of said inner envelope over a
distance L. of between 20% and 90% of the mean axial span of
said inner envelope and having a circumferential span a of
between 60° and 150° about a longitudinal axis of said air
inlet.

2. The air inlet according to claim 1, wherein the portion of
said inner envelope that is devoid of fluid passage orifices is
located in a lower region of said inner envelope so that it is
crossed by a plane which passes through the longitudinal axis
of'the air inlet and is parallel to the vertical direction when the
air inlet equips a propulsion unit of an aircraft that is stationed
on the ground.

3. The air inlet according to claim 1, wherein the plurality
of fluid passage orifices comprises orifices for the passing of
air communicating with a sound-insulating honeycomb struc-
ture housed between said inner envelope and said outer cowl-
ing.
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4. The air inlet according to claim 3, wherein part of the
sound-insulating honeycomb structure extends facing said
portion devoid of fluid passage orifices of the inner envelope.

5. The air inlet according to claim 3,

comprising drainage means allowing circulation of water

from upstream to downstream within a space defined
between said outer cowling and said inner envelope of
the air inlet, the drainage means comprising drainage
orifices forming part of the plurality of fluid passage
orifices.

6. The air inlet according to claim 5, wherein the drainage
means comprise the sound-insulating honeycomb structure.

7. The air inlet according to claim 1 wherein said portion,
of'the inner envelope, devoid of fluid passage orifices assumes
the form of an impermeable panel which is formed indepen-
dently of the lip and is set in a recess of an upstream edge of
at least one panel provided with fluid passage orifices and
forming part of said inner envelope.

8. The air inlet according to claim 7, wherein the imper-
meable panel is formed of the lay-up of several folds of a
composite material.

9. The air inlet according to claim 1 wherein said portion,
of the inner envelope, devoid of fluid passage orifices is
formed in a single piece with the lip and extends projecting
backwardly from a radially inner downstream edge of the lip
so that it fits into a recess of an upstream edge of at least one
panel provided with fluid passage orifices and forming part of
said inner envelope.

10. A nacelle for aircraft propulsion unit comprising an air
inlet according to claim 1.

11. An aircraft comprising at least one nacelle according to
claim 10.

12. A process for repairing a nacelle air inlet of an aircraft
propulsion unit comprising a substantially annular outer
cowling, a substantially annular inner envelope intended to
delimit a duct feeding air to a turbojet engine of the propul-
sion unit and comprising a plurality of fluid passage orifices
passing through said inner envelope, and a substantially annu-
lar lip connected to the respective upstream edges of said
outer cowling and of said inner envelope so as to form a
leading edge of'said air inlet, the process comprising a step for
cutting out a recess in an upstream edge of said inner enve-
lope, and a subsequent step to arrange an impermeable panel
inside said recess and to fix the panel onto the edge of said
recess, so as to form an air inlet according to claim 7 or 8.
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